Abstract The goal of this longitudinal analysis was to characterize factors associated with the experience of life stress in low-income, inner-city mothers of minority children with high-risk asthma.Participants (n = 276) reported on family demographics, child asthma control and healthcare utilization, social support, contemporary life difficulties (housing, finances, violence exposure) measured by the validated Crisis in Family Systems scale, and daily stress. Latent growth curve modeling examined predictors of life stress across 12 months as a function of home and community difficulties, asthma-specific factors, and social support. Mothers were primarily single (73%), unemployed (55%), and living in extreme poverty with most (73%) reporting an annual family income <$20,000 (73%). The children were young (mean age = 5.59, SD = 2.17), African-American (96%), and had poorly controlled asthma (94%) at study enrollment. Higher daily stress was associated with financial difficulties, safety concerns in the home and community, and housing problems. Access to social support was consistently related to reduced stress. The only asthma-specific factor associated with life stress was healthcare utilization, with more emergency services for asthma related to higher daily stress. Findings underscore the clinical significance of assessing diverse home and community stressors and social support in low-income, inner-city caregivers of children with poorly controlled asthma.
self-management activities in the home may be challenging for impoverished, inner-city caregivers who encounter a range of home and community-level stressors.
Concerns about neighborhood safety [11] , violence exposure [12] , and residence in poor housing conditions characterized by pest infestation (rodents, cockroaches) and mold [13] were previously identified as significant hardships experienced by inner-city caregivers of children with frequent Emergency Department (ED) utilization for asthma. Extreme poverty [14] , single-parent households [15] , and general neighborhood disadvantage [16] further contribute to chronic stress in this population, beyond the burden of caring for a child with high-risk asthma. Additionally, in cross-sectional research with 201 mothers of inner-city children (6-12 years) with asthma, Kub and colleagues [17] observed utilities insecurity and housing instability as sources of life stress. Evidence from other cross-sectional research with families of children (5-12 years) with asthma suggests caregiver functioning is particularly compromised when several home and community difficulties are present [18] . This finding is noteworthy since racial disparities in the number of stressors reported by caregivers have been reported. For example, a community-based study of caregiver functioning, life stress, and child asthma found African-American mothers to be more likely to experience accumulating negative life events [15] that, in turn, deplete family resources and undermine adaptive coping responses [19, 20] .
Since impoverished caregivers who encounter a high number of home and community hardships are more likely to endorse clinically significant depressive, anxiety, and trauma symptomatology [21, 22] , and have children with greater asthma morbidity [23] , it is important to identify and develop responsive interventions for the sources of life stress. However, the limited studies examining life stress experienced by caregivers of children with asthma are primarily cross-sectional and fail to differentiate the relative contribution of asthma-specific, sociodemographic, and home and community-level risk experiences on stress over time. Even less is known about whether social support, previously shown to be associated with increased child asthma control [24] , may moderate the negative effects of home and community stressors. Therefore, the goal of this longitudinal analysis was to extend understanding of life stress experienced by low-income mothers of children with asthma by characterizing the unique contributions of asthma factors (asthma control level, emergency services utilization), home and community difficulties, and social support in explaining life stress. Additionally, we hypothesized that the relationships between home and community risk experiences and life stress would be moderated by caregiver level of social support.
Methods
This secondary data analysis is part of a larger randomized controlled trial that tested the effectiveness of a behavioral/educational intervention in urban families of children with frequent ED utilization for poorly controlled asthma [25] . Following institutional review board approval, families of 300 inner-city children with asthma were recruited from two major urban hospitals after the child was discharged from a Pediatric ED for an acute asthma exacerbation. A Health Insurance Portability and Accountability Act (HIPAA) waiver was used to abstract contact information during daily review of electronic ED medical records and mail caregivers study information inclusive of an opt-out letter. Caregivers who did not decline participation were contacted by the study team to ascertain study interest and eligibility: (a) child age 3-10 years; (b) physician-diagnosed asthma; (c) >2 symptom days or rescue medication use/ week or 2> symptom nights/month; (d) controller medication use during the prior 6 months; (e) two or more ED visits or one hospitalization during the prior 12 months of the index ED visit; and, (f) no other major comorbid respiratory condition. Caregivers completed informed consent, randomized into a home-based standard asthma education attention control group or a behavioral/education intervention group and prospectively followed for 12 months. Research assistants administered study questionnaires during face-to-face interviews with caregivers at baseline, 6 months, and 12 months post enrollment. This sub-analysis focused on biological mothers who completed the study (n = 276).
Behavioral/Education Intervention Families randomized to the intervention group received two home visits by a trained nurse for asthma education, completion of a written asthma action plan, and assistance in arranging a follow-up appointment with the child's primary care provider (PCP). The intervention nurse also accompanied the mother and child to a PCP appointment as an advocate for guideline-based asthma management including preventive medication.
Standard Asthma Education Attention Control
Group Control group families received three home visits by a trained nurse providing the same asthma education as experienced by the intervention families and a prompt to schedule a follow-up appointment for the child with their PCP for asthma management.
Measures
Asthma Severity Child asthma severity was assessed at study enrollment and based on mother report of frequency of asthma day symptoms over past 14 days and night symptoms over the past 30 days, child activity limitations due to asthma, number of ED visits, use of controller and rescue medications over the past 6 months, and number of PCP visits over past 6 months. Children were categorized as having intermittent, mild persistent, moderate persistent, or severe persistent asthma based on national asthma guidelines [26] . Asthma Control Child asthma control level was calculated using an algorithm based on the National Asthma Education and Prevention Program (NAEPP) Guidelines [26] and included frequency of day and night cough, wheeze, and shortness of breath or difficulty breathing symptoms, rescue medication use, activity limitation, and number of ED visits and hospitalizations. Asthma control was coded as follows: well controlled = 1, not well controlled = 2, or very poorly controlled = 3.
Asthma Emergency Services Utilization To quantify child asthma-related emergency services utilization, the number of urgent care visits, ED visits, and hospitalizations reported by mothers was summed for the prior 6 months at baseline, 6-month, and 12-month data collection.
Life Stress Mothers were asked to quantify the level of daily stress experienced over the past month using a visual analog scale (VAS). A score of B0^indicated no stress and B10^reflected the highest possible level of life stress. A score of 6-7 suggested moderate stress, and a score of 8 or above was regarded as a high level of stress. Construct validity of the VAS is supported through moderate to high correlations with standardized measures of psychological stress [27] .
Home and Community Stressors The Crisis in Family Systems (CRISYS) was administered to the mothers as a self-report index of stressful life events experienced in the home and community [22] . Subscales of the CRISYS measure a range of contemporary stressors including the following: financial difficulties (11 items; e.g., BDid you go without food because you didn't have the money to pay for it; Did you miss rent or mortgage payment because you couldn't pay for it^), legal problems (3 items; e.g., BDid anyone in your family get arrested^), career challenges (4 items; e.g.,BDid you get laid off^), social relationships (6 items; e.g., BDid you get a divorce or break up with a partner^), safety concerns in the home (3 items; e.g., BDid you feel emotionally or physically abused^), safety concerns in the community (8 items; e.g., BDid anything happen in your neighborhood that made you feel unsafe; Did you see violence^), and home issues (7 items; e.g., BDid rats, mice, or insects bother you in your home; Did you have trouble with your landlord^). The dichotomized items are summed (0 = no; 1 = yes) with higher scale scores reflecting more difficulties. Construct validity was previously established through significant associations between total counts of life stressors and caregiver depressive symptomology in a comparable sample of inner-city caregivers [28] .
Social Support Participating mothers completed the eight-item emotional/informational support subscale of the Medical Outcomes Study (MOS) as a self-report measure of social support [29] . Mothers described how available social support was to them across scenarios (e.g., BSomeone you can count on to listen to you when you need to talk; BSomeone to turn to for suggestions about how to deal with a personal problem^), with higher scores indicating greater perceived social support (score range 8-40).
Data Analysis

Data Analysis Plan
Latent growth curve modeling (LGCM) using Mplus version 6 [30] was performed to examine changes in daily life stress over the 12-month time period. Data in
LGCM are described by latent change factors (i.e., means and slopes) that estimate both group-level change and individual-level change. Intercept values were estimated by fixing factor loadings at each time point to one. Slope values were then estimated by assigning fixed factor loading representing time (baseline = T1; 6 months = T2; 12 months = T3). Maximum-likelihood estimation with robust standard errors (MLR) was used to address missing data that never exceeded 10% for any variable. Based on α = .05 and β = .80, a priori power analysis indicated a minimum sample of 217 for testing the structure of the LGCM (RMSEA <.10), and a minimum sample of 152 for testing individual parameters (b >0) [31, 32] . Guidelines provided by Hu and Bentler [33] and Kline [34] were used as model fit criteria (RMSEA <.05, CFI/TLI >.90, SRMS <.08). One-tailed tests were used in the analyses with directionality based on previous research.
The outcome variable of interest was the level of caregiver daily life stress measured at each time point at (T1), (T2), and (T3). Independent control variables measured at (T1) were treatment group assignment (intervention vs. control), child's age, mother's education level, marital status, employment status, and baseline asthma severity. Time-varying covariates in the model measured at (T1), (T2), and (T3) included social support, asthma control level, emergency services utilization for asthma, and the seven subscales of the CRISYS. Interactions between social support and CRISYS subscales were also tested. Assumptions of parametric analyses were assessed and only minor violations in normal distributions were noted with minimal impact based on study sample size.
Results
Participants were primarily single (73.4%), unemployed (55.4%), and living in extreme poverty, with over half of the mothers reporting an annual family income of less than $10,000 USD (51.7%) ( Table 1) . Most caregivers had graduated from high school or received their GED (39.3%) or attended some college or trade school (28.4%). The children were young (mean age = 5.59, SD = 2.17), African-American (95.7%), male (59.4%), and nearly all were categorized with poorly controlled asthma (93.8%) at study enrollment [26] . The children averaged 7.32 asthma symptoms days (e.g., cough, wheeze, shortness of breath) (SD = 5.32) and 6.72 Forty percent of mothers (40.3%) were categorized as experiencing high daily life stress at baseline (M = 6.42, SD = 2.86), and over a fifth (20.9%) endorsed the highest possible stress score of 10 on the VAS. The mothers reported diverse home and community hardships based on responses to the CRYSIS subscales. In total, participants endorsed a mean of 8.17 (SD = 5.05) stressful life events in the previous 6-month period and over a third of the mothers (35.7%) experienced 10 or more stressors. The most frequently reported home and community hardships were as follows: [1] looking for a job (56.0%); [2] LGC model analyses were used to assess changes in life stress over time as a function of child asthma control, asthma-related emergency services utilization, home and community hardships, and social support. Fit statistics for the nested models are presented in Table 2 . Results presented below are unstandardized parameter estimates. An unconditional model using only life stress over time was tested first. Results for the intercept and slope were 6.34 (p < .001, 95% CI 6.01, 6.67) and −.56 (p < .001, 95% CI −.76, −.36), respectively. The statistically significant and positive intercept indicates that the mean daily life stress score was greater than 0 over time; the statistically significant and negative slope indicates that daily life stress scores decreased across the 12-month study.
Baseline (T1) control variables and time-varying covariates (T1, T2, T3) were added to create a second LGC model. Results for the second model indicate good fit as evidenced by a RMSEA of .03, high values for CFI (.95) and TFI (.91), and a SRMR of .02. Results for the second model identified a significant positive intercept (I = 10.07, p < .001, 95% CI 6.35,13.79) and a negative but non-statistically significant slope (S = −1.95, p = .10, 95% CI −4.95, 1.05). Post hoc analysis indicated that the slope was quadratic in nature: there was a negative slope from T1 to T2 but the slope flattened out from T2 to T3. There were no statistically significant parameter estimates for any of the control variables on the slope intercept, which suggests that life stress was not associated with any of the baseline (T1) characteristics. Parameters were also estimated for the observed direct effects of the time-varying covariates on daily life stress at each time point (T1, T2, and T3). Unstandardized parameter estimates and p values are provided in text, and unstandardized and standardized parameter estimates with confidence intervals are provided in Table 3 . No statistically significant relationships were detected between child asthma control level and maternal life stress at any time point. Additionally, asthma-related emergency services utilization was only a statistically significant predictor of stress at baseline (b = .06, p = .002).
In contrast, self-reported daily stress had more robust relationships with maternal social support and the CRISYS subscales measuring home and community hardships. Specifically, social support was associated with daily life stress at baseline (T1) (b = −.06, p = .001), 6 months (T2) (b = −.08, p < .001), and No statistically significant relationships were identified between career challenges, legal problems, social relationships, and daily stress. The third nested model incorporated interaction effects between social support and each CRISYS subscale at T1, T2, and T3. None of the interaction terms were statistically significant at any time point (p > .10) and fit statistics were comparable across models 2 and 3 (Table 2 ). Consequently, model 2, the covariates model, is the more parsimonious model and was chosen as the final model.
Discussion
In this sample of low-income, urban mothers of children with poorly controlled asthma, home and community hardships were more consistently associated with self-reported life stress compared to asthma-specific risk factors. Although asthma morbidity was high and previous qualitative research revealed psychological distress about raising a child with moderate to severe asthma [35, 36] , neither asthma control nor asthma severity was predictive of life stress. Furthermore, despite frequent ED and urgent care services for asthma, life stress was only associated with emergency services utilization at a single time point. Instead, diverse risk experiences at home and in the community appear to be major contributors to the elevated rates of self-reported life stress in this sample of low-income, inner-city mothers. The range and frequency of negative life events reported by participants is a particularly noteworthy and innovative finding that helps address previous calls for increased understanding of the family's context [37] . Financial strains, concerns about safety in the home, concerns about violence and crime in the community, and housing difficulties were each independently predictive of life stress over time. Due to the extreme poverty of these families, it was not surprising that financial concerns emerged as a consistent predictor of daily life stress. Focus group research with low-income caregivers of children with poorly controlled asthma revealed a profound psychological toll of poverty, particularly related to caregiver ability to achieve optimal asthma management and home environmental control responsibilities [13] .
The scope of safety concerns in the home and community reported by study participants is alarming yet consistent with findings on life events and chronic stress in a comparable sample of low-income mothers who reported seeing violence (20%) and feeling unsafe (23%) in their communities [17] . Ameliorating community violence exposure is a challenging public health endeavor, but one that must be addressed based on the current findings of a negative impact of safety concerns on life stress, as well as prior research linking fears about community violence exposure to poor healthcare follow-up rates and low adherence to asthma management routines [38] and erosion of family functioning and stability [39] . Complete remediation of community-based violence and crime may be difficult to achieve, so implementing violence reduction programs in tandem with interventions strengthening family coping in the context of ongoing trauma exposures may be necessary. Supporting evidence for targeting caregiver coping skills comes from earlier asthma research with a sample of ethnically diverse families in which adaptive coping was associated with higher child quality of life outcomes [40] . Other research suggests positive family outcomes, such as enhanced empowerment and caregiver well-being, may be generated through family-to-family support and advocacy programs [41, 42] .
Housing difficulties were likewise associated with higher daily life stress in these vulnerable mothers. In fact, home rodent infestation was one of the most commonly reported negative life events, comparable to rates observed in a sample of urban Puerto Rican families of children with asthma [43] . Addressing poor housing stock is particularly critical since, beyond its relationship with elevated caregiver life stress, environmental exposures stemming from sub-standard housing were associated with higher rates of ED visits in children with asthma aged 6-17 years [44] . Recommendations to improve the quality of housing stock include implementing healthy housing guidelines for new construction, increased enforcement of housing codes, and home visiting education and environmental intervention programs to reduce trigger exposures [45] . However, these interventions may be less feasible in low-income communities with limited resources and options for change in housing quality.
Social support also emerged as a consistent predictor of life stress, with high levels of emotional/ informational support associated with reduced life stress in the mothers. Social support was previously identified as a salient factor to explore in relation to child asthma functional morbidity and second-hand smoke exposure [23] , and our findings similarly emphasize its importance as a potential protective mechanism for self-reported life stress. However, contrary to expectations, social support failed to moderate the observed relationships between home and community hardships and life stress. This may be due to the shared environment in which neighbors who are providing support are likewise experiencing the same home and community difficulties.
Finally, increased understanding of the chronic nature of stress in low-income mothers of children with asthma is significant. Although life stress decreased over time, half (50.2%) of the mothers consistently reported moderate-to-high levels of stress at 12 months and nearly a third (31.6%) endorsed scores in the high range (8 or above). The chronicity of stress is most concerning since it may erode coping skills in family systems [46] , leave mothers feeling overwhelmed, and perhaps ineffective, in asthma home management, and ultimately result in increased asthma morbidity. This assertion is partly supported by research with a community-based sample of caregiver-child dyads in which higher caregiver stress was associated with poorer child asthma control [47] .
Collectively, study findings highlight the need for intensive, multi-faceted interventions to support mothers as they manage their child's asthma in the context of ongoing, high-acuity home and community hardships. Screening for a range of stressors (financial difficulties, safety concerns, home issues) is an important initial step to engage mothers of children with poorly controlled asthma and help them feel supported. However, provider-caregiver interactions must extend beyond the clinical assessment process to link mothers with comprehensive community resources that may ameliorate identified stressors. Yet, pediatric asthma healthcare delivery systems, and particularly ED-based care, typically lack the necessary case management services to effectively connect caregivers to community supports and provide a bridge for the range of systems (school, behavioral health, child welfare) that the family may be involved with [48] .
Limitations and Future Directions
Study findings are to be interpreted cautiously due to the inability to rule out common method variance (e.g., reliance on self-report measures) as a contributing factor for the observed significant relationships. Future research would benefit from including more than one data source and, ideally, objective community-level data on violence and crime rates as well as the quality of housing stock where participants reside. Examining whether the accumulating risks are related to particular negative health outcomes in caregivers is also a fertile area for continued research. Although correlations among stress and depressive symptomology have long been established, less is known about how elevated rates of life stress are associated with health conditions in low-income mothers of children with asthma. However, in a mixed-method study with 40 low-income caregivers of children with asthma, nearly all participants were found to have a health condition of their own [14] . The lack of longitudinal data for caregiver sociodemographics presents other limitations. Marital status, education level, family income, and employment status were only assessed at baseline. Although some of these constructs were included in the CRISYS subscales, we were unable to test whether changes in discrete sociodemographic variables over time (e.g., employment status T1 to T2) contributed to variation in stress scores. Finally, findings may not be representative of all low-income, inner-city families since the current sample was comprised of mothers who agreed to participate and were able to be tracked across 12 months. It is possible that mothers who experience the most extreme levels of home and community hardships were not captured in the study sample.
Despite these limitations, our longitudinal study is innovative in that the results focus on characterizing specific home and community hardships contributing to the elevated rates of life stress in low-income mothers of young children with high-risk asthma. Findings underscore the importance of assessing for diverse sources of stress in mothers of high-risk children with asthma. In particular, regular screening for financial difficulties to include concerns about utilities stability, exposure to violence in the home and broader social context, and poor housing conditions are salient domains to explore in clinical encounters with inner-city mothers of children with poorly controlled asthma.
